The Al + -H 2 cation complex: Rotationally resolved infrared spectrum, potential energy surface, and rovibrational calculations
I. INTRODUCTION
Van der Waals complexes containing helium tend to be difficult to study spectroscopically because of their relatively weak binding and large-amplitude internal motions. For many He complexes, these challenges have long since been overcome, but helium-acetylene remains a particularly difficult case, with no published experimental spectra available until quite recently.
Detailed predictions for He-C 2 H 2 based on empirical 1,2 and ab initio intermolecular potential surfaces were reported in 1992 by Slee et al. 3 Subsequently, an improved ab initio surface was presented by Moszynski et al. 4 together with predicted energy levels and spectra. Around the same time, there were also unpublished experimental results on He-C 2 H 2 from the R. E. Miller laboratory (University of North Carolina) as mentioned in both Refs. 3 and 4. But it appears that detailed assignment of these infrared spectra, which were from the C 2 H 2 ν 3 band region (≈3300 cm −1 ), was not possible, even with help from theory. The main problem is that this complex lies close to the free rotor limit, so that most of the intensity in the spectrum piles up in tangles of overlapping lines located near the monomer (acetylene) rotation-vibration transitions, R(0), R(1), P(1), etc.
No further helium-acetylene spectra were reported until 2012, when we published theoretical and experimental results on He-C 2 D 2 including detailed rotational assignments. 5 At that time, our results were limited to the R(0) part of the spectrum, namely, transitions in the j = 1 ← 0 region of the C 2 D 2 ν 3 band (≈2440 cm −1 ), where j represents the (relatively unhindered) rotation of C 2 D 2 within the complex. Reasons for this limitation are explained below. With the help of improved spectra, it is now possible to extend our analysis to the j = 0 ← 1 and 2 ← 1 regions as reported in the present paper, thus obtaining a much more complete picture of He-C 2 D 2 rotational energy levels. In the remainder of the paper, quantum number v will refer to v 3 of C 2 D 2 . Other rare gas-acetylene complexes whose spectra have been studied are those containing Ne, 6, 7 Ar, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] and Kr. 18, 19 Very recently, pure rotational Raman-type transitions with ∆J = 2 have been measured in He-C 2 H 2 by observing rotational wave packets in the time domain following impulsive alignment by a femtosecond laser pulse. 20, 21 In these papers, comparisons were also made between the observed transitions and rovibrational energies computed using a new ab initio potential energy surface. In the present paper, we report our experimental infrared spectra of He-C 2 D 2 in conjunction with calculations based on the helium-acetylene potential energy surface of Fernández et al. 22 In addition, we make comparisons with the new surface of Galinis et al. 21 and find that our He-C 2 D 2 spectra are accurate enough to discriminate between the two surfaces.
II. THEORETICAL AB INITIO ENERGY LEVELS
The general characteristics and appropriate labelling scheme for He-C 2 D 2 rotational levels were discussed in Ref.
5.
Here, we summarize that discussion, and extend the results to levels with j = 2. Use of the approximate quantum number j is appropriate because the barrier to free internal rotation of acetylene within the complex is small. For j = 0, there is a single "stack" of rotational levels with J = 0, 1, 2, etc., which have even parity, denoted e. 23 For j = 1, there are three stacks. One is labelled σ, starts with J = 0, has e parity, and corresponds to the first excited bending state in a normal semi-rigid T-shaped molecule, or to the σ-bending overtone in a normal linear molecule. The other two stacks, labelled π, start with J = 1 and correspond to asymmetric rotor K = 1 levels in the T-shaped limit or to the first excited π-bending levels in the linear limit. One π stack has e parity and the other f parity. The j = 1 stacks with e parity (σ and π) become increasingly mixed for J ≥ 1 by a Coriolis interaction, so their labelling as σ or π can become somewhat arbitrary, especially when close to the free rotation limit. As pointed out previously, 3,5 the distinction between the 1σ stack being located above or below the 1π stack corresponds approximately to a T-shaped or linear structure, respectively, for the complex. For j = 2, there are five stacks: a single σ stack with e parity, a pair (e and f ) of π stacks, and a pair (e and f ) of δ stacks which start with J = 2. All j = 2 levels are affected by Coriolis mixing, except for the unique levels J = 0 of σe and J = 1 of π f .
The recent new potential surface for helium-acetylene, called IPESA here, obtained at the CCSD(T) level by Fernández et al. 22 is used in our calculations. It is an extended version of the earlier Fernández and Munteanu 24 surface, with a global energy minimum at −24.21 cm −1 for the linear configuration with intermolecular distance R = 4.345 Å, and a saddle point at the T-shaped geometry (E = −16.7 cm −1 , R = 3.82 Å). Rotational levels calculated using the earlier potential and the BOUND program 25 were reported for j = 0 and 1 in Ref. 5. Slightly different levels based on the newer potential are given here in Fig. 1 and Table I , and they are augmented by a number of calculated j = 2 levels. Levels are labelled by j (=0, 1, or 2), by K (=σ, π, or δ), by the parity p (=e or f ), and by the total angular momentum, J. Also included for completeness is the end-over-end rotational quantum number L, which is discussed below in Sec. VII B. Energies are expressed relative to the lowest 0 σe level with J = 0, which is calculated 22 to lie 7.2360 cm −1 below the dissociation limit. Note that the dissociation threshold for oddj levels (that is, for para-C 2 D 2 ) actually lies about 1.7 cm −1 (=2B for C 2 D 2 ) higher than that for evenj levels (ortho-C 2 D 2 ), as shown in Fig. 1 . For comparison, Table I also shows the levels calculated using the recent potential energy surface reported in Refs. 20 and 21, called IPESB here.
III. THE CORIOLIS MODEL FOR ROTATIONAL ENERGIES
We showed in Ref. 5 that a simple Coriolis model 26, 27 was useful for representing the j = 1 energy levels of He-C 2 D 2 as well as the observed transition intensities in the j = 1 ← 0 subband. Here, we extend the model to include the j = 2 levels, with the notation changed slightly to adapt better to j = 2.
The j = 0 σe and j = 1 π f stacks are not affected by Coriolis interactions, since in each case there are no other levels with the same values of J, j, and e/ f symmetry. Thus, they have simple linear molecule rotational energies given by
The j = 1 σe and 1 πe stacks are coupled by a Coriolis interaction. Their energies are given by diagonalizing a 2 × 2 matrix with diagonal elements (Table I) . The experimental data are for the v = 1 state of C 2 D 2 . Each stack is labelled by j, K (=σ, π, or δ), and p (=e or f ), and each level is labelled on the left by J . Dashed lines show the theoretical thresholds (dissociation limits) for even and odd j-values.
and off-diagonal elements given by [ β(1)J(J + 1)] 1/2 , where β characterizes the strength of the Coriolis interaction. The stack origins E v (1σ) and E v (1π) are related to the former 5 parameters E vr and α as follows:
The j = 2 levels are represented in an analogous manner, with diagonal energies given by
The e levels are obtained by diagonalizing a 3 × 3 matrix with off-diagonal element [ β(2)J(J + 1)] 1/2 connecting the (2 σe) and (2 πe) levels, and off-diagonal element [γ(2)(J(J + 1) − 2)] 1/2 connecting the (2 πe) and (2 δe) levels. The f levels are obtained by diagonalizing a 2 × 2 matrix with off-diagonal element [γ(2)(J(J + 1) − 2)] 1/2 connecting the (2 π f ) and (2 δ f ) levels. We omit centrifugal distortion terms (D) for j = 2 in order to limit the number of free parameters in consideration of the limited number of observed or calculated j = 2 levels to be fitted.
The first columns of Table II show the results of fitting this model to the theoretical levels of Table I . For j = 0 and 1, (Table II) . Experimental j = 0 levels are defined by B(0) and D(0) so these residuals are zero. b Calculated from the ab initio potential surface IPESA. 22 c Calculated from the ab initio potential surface IPESB. 20,21 d Relative to the estimated band origin, 2439.2800 cm −1 (see text). the parameters are slightly different than reported previously 5 because there are now separate D-values for the (1σ) and (1π) states. For j = 2, we obtain an acceptable, but not perfect, fit, whose quality can be judged by the residuals given in parentheses in Table I . The values of the resulting parameters appear to be reasonable. Note in particular that the fitted Bvalues for j = 2 are similar to those for j = 1, and that the Coriolis parameter β(2) 1/2 is larger than β(1) 1/2 by a factor of 1.72 (for IPESA). This is close to the factor of 3 1/2 = 1.73 which is predicted by the expression β ≈ 2B j * ( j * + 1), where j * is an effective value which approaches j in the free rotor limit. 26
IV. THE SPECTRUM OF He-C 2 D 2
The spectra were recorded using a previously described pulsed supersonic slit jet apparatus at the University of Calgary, 28 with a Lockheed Martin Aculight Argos optical parametric oscillator (OPO) as the laser probe. In contrast to our previous He-C 2 D 2 work, 5 the jet nozzle was cooled to about −75 C. Combined with an even more dilute expansion gas mixture (≈0.04% C 2 D 2 in helium), the cold nozzle helped to greatly boost the strength of the He-C 2 D 2 transitions relative to those of the acetylene dimer, (C 2 D 2 ) 2 . 29, 30 Wavenumber calibration utilized signals from a fixed etalon and from a reference gas cell containing room temperature N 2 O. 31 The PGOPHER computer package was used for spectral simulation. 32
A. The j = 1 ← 0 subband
The strongest feature in the He-C 2 D 2 spectrum is the j = 1 ← 0 subband, which we reported previously. 5 The present improved spectrum in this region is shown in Fig. 2 , and the assigned transitions are listed in Table III . These assignments are the same as given previously, with one minor change (P(3) transition, 2440.8321 cm −1 ) and one addition (R(1) transition, 2443.2177 cm −1 ). There is a small systematic wavenumber shift (<0.002 cm −1 ) due to improved (we hope!) calibration. As well, the relative intensities in the new spectrum are different because the effective rotational temperature is now around 1.5 K, as compared to 2.5 K previously.
B. The j = 0 ← 1 subband
In the low temperature jet environment, He-C 2 D 2 subbands ( j = 0 ← 1 and 2 ← 1) originating from j = 1 levels tend to be weaker than the 1 ← 0 subband due to a nuclear spin weight disadvantage, since the 2:1 spin statistics of C 2 D 2 favor subbands with even values of j ′′ . Finally, the j = 0 ← 1 subband occurs in a region with strong absorption from the acetylene dimer. 29, 30 These are the reasons why we were not able previously to analyse j = 0 ← 1 transitions.
To a first approximation, we expect the j = 0 ← 1 subband, shown in Fig. 3 , to be a mirror image of j = 1 ← 0. But this turns out to be only partly true. There is a single dominant He-C 2 D 2 feature at 2437.72 cm −1 in the new j = 0 ← 1 spec- (Table I ) and the intensities given by the Coriolis model (Table II) for a temperature of 1.5 K. A gap occurs in the observed spectrum around the strong C 2 D 2 monomer R(0) line as marked.
trum which is the analog of the three strong j = 1 ← 0 lines at 2440.84-2440.86 cm −1 . Evidently, these three j = 1 ← 0 lines have merged into the single unresolved j = 0 ← 1 line. The mirror image resemblance is better for the j = 0 ← 1 transitions around 2437.0-2437.2 cm −1 which are the analog of the characteristic Q-branch series at 2441.3-2441.5 cm −1 . But they are much weaker, and one of them (2437.15 cm −1 ) unfortunately falls right on top of a C 2 D 2 dimer line. Some assignments in the j = 0 ← 1 subband were tricky, but we eventually came up with a satisfactory scheme as given in Table III , using criteria such as combination differences, consistency with the j = 1 ← 0 and 2 ← 1 subbands, and relative intensities as calculated using the Coriolis model. Note that Table III is organized so that analogous (mirror image) transitions in the two subbands ( j = 1 ← 0 and 0 ← 1) appear on the same row.
C. The j = 2 ← 1 subband
The region of the j = 2 ← 1 subband is shown in Fig. 4 . There is a very strong line at 2442.755 cm −1 , another seven or eight medium strength features, and a few more weak lines. The lines marked with asterisks in Fig. 4 belong to the j = 1 ← 0 subband (Table III ). As the free rotor limit is approached, the spectral intensity distribution obviously must collapse to that of a free rotor. In other words, it becomes more and more like that of the monomer itself. Hence, most of the intensity in the j = 2 ← 1 subband occurs close to the monomer R(1) Table I. transition, just as most of the intensity in the j = 1 ← 0 and 0 ← 1 subbands occurs close to the monomer R(0) and P(1) transitions.
The rotational assignment of this subband was challenging since many of the transitions lie close to each other and since we did not have a spectroscopic model which could reliably predict energies with sufficient accuracy. We were guided by the ab initio theoretical levels discussed in Sec. II, by the need for consistency with the j = 0 ← 1 subband, which shares a common lower state, and by the predictions of the Coriolis model, particularly in terms of transition intensities. Spectra recorded with different effective rotational temperatures also provided clues about the relative energies of the lower state levels. The resulting assignments are shown in Table IV . Note that the 2442.755 cm −1 line is assigned as a blend of two transitions, helping to explain its dominant strength. In the simulated spectra (see below), these are the two strongest transitions in the j = 2 ← 1 subband.
V. EXPERIMENTAL TERM VALUE AND CORIOLIS MODEL FITS
Previously, we used the Coriolis model to directly fit and simulate the j = 1 ← 0 subband. 5 Here, we adopt a slightly different approach in which the spectrum is first analysed in terms of "experimental" energy levels. The resulting term values (level energies) can then be directly compared with theory, as well as fitted in terms of the Coriolis (or other) model. (Table I ) and the intensities given by the Coriolis model (Table II) for a temperature of 1.5 K. A gap occurs in the observed spectrum around the strong C 2 D 2 monomer P(1) line as marked.
The procedure is somewhat similar to that used for the spectra of the closely related He-CO complex. [33] [34] [35] For He-CO, it was actually possible to obtain all bound state energies without further assumptions. This was enabled by the availability of both microwave and infrared data, and by the fact that the infrared spectra were obtained at a "high" (47 K) temperature so that all lower state rotational levels were well populated. In the present case it is not possible to determine all levels directly, so we make a simplifying assumption, namely, that the energies for j = 0 can be represented with sufficient accuracy by two parameters, using the expression B J(J + 1) − D[J(J + 1)] 2 (with different B-and D-values for the v = 0 and 1 states, of course). This assumption is reasonable on the basis of the ab initio j = 0 levels in Table I. We then "fit" the observed spectra (Tables III and IV) in terms of experimental energy levels, and obtained the values given in the last two columns of Table I , as well as the residuals (observed minus calculated line positions) given in parentheses in Tables III and IV . Many levels are determined by only one transition, and such transitions fit perfectly, with zero residual. Other levels are involved in more than one transition, and may have small residuals corresponding to combination differences which do not match perfectly. Such discrepancies are due to experimental uncertainties, and more specifically to the fact that some observed lines are actually blends of two or more underlying transitions. (Table I ) and the intensities given by the Coriolis model (Table II) for a temperature of 1.5 K. Lines marked with an asterisk belong to the j = 1 ← 0 subband (see Table III ). A gap occurs in the observed spectrum around the strong C 2 D 2 monomer R(1) line as marked. The He-C 2 D 2 band origin cannot be directly determined from experiment because ∆ j = 0 infrared transitions are forbidden, but we estimate its value to be 2439.280 cm −1 . This represents a small vibrational blue shift of +0.036 cm −1 relative to the C 2 D 2 monomer band origin. 36 To facilitate comparison of v = 0 and 1 levels, this band origin has been subtracted from the experimental v = 1 term values in Table I. By fitting the experimental term values using the Coriolis model, we obtain the parameters given in the last two columns of Table II . The quality of the fits is only moderate, as can be judged from the residuals given in parentheses in Table I . The theoretical v = 0 and experimental v = 1 residuals are roughly similar in magnitude, while the experimental v = 0 residuals for j = 1 are smaller because fewer levels were fitted to the same number of parameters in the latter case. Considerably better fits could be obtained by including more parameters in the Coriolis model, for example, a centrifugal distortion correction to β. But this was avoided because the number of parameters then becomes perilously close to the number of fitted levels, impairing their significance and predictive value.
The line positions in the simulated (lower) traces of Figs. 2-4 are based on the fitted experimental term values, so they naturally agree almost perfectly with the experimental spectra. But the simulated intensities come from calculations using the Coriolis model parameters (Table II ) and the linear molecule option of PGOPHER 32 as described previously, 5 with an assumed temperature of 1.5 K. Tests showed that these relative intensities are not very sensitive to the exact values of the Coriolis parameters. But they are quite sensitive to temperature, and over the range of 1.5-2.5 K the simulations remain consistent with experiment. Overall, the simulations explain the observed spectra very well in terms of a set of experimental rotational levels which are self-consistent and compatible with theory. This does not guarantee that all the assignments are correct, but it is probably the best that can be accomplished at present.
VI. COMPARISON OF IPESA AND IPESB
As noted, Galinis et al. 20, 21 recently reported spectra of He-C 2 H 2 obtained using rotational wave packet spectroscopy (RWPS) and a new intermolecular potential energy surface (which we label IPESB) which was used to help interpret the spectra. They noted impressive agreement between experiment and theory, and also claimed 20,21 that their potential (IPESB) is superior to IPESA, based on the implication that the RWPS results are accurate enough to discriminate between slightly different predicted equilibrium structures. To investigate this comparison further, we have calculated rovibrational levels for He-C 2 D 2 (Table I) and He-C 2 H 2 (Table V) using both surfaces. The same IPES should of course be capable of describing both isotopologues more or less equally well.
The RWPS results for He-C 2 H 2 are compared with theory in Table VI . The root mean square (rms) deviations between theory and experiment are about 0.035 cm −1 for IPESA and 0.018 cm −1 for IPESB, as compared to the estimated 20,21 experimental uncertainty of 0.03 cm −1 . However, the situation is different for the infrared results on He-C 2 D 2 : up to J = 4 in the j ≤ 1 stacks, the rms deviations are about 0.054 cm −1 for IPESA and 0.105 cm −1 for IPESB (see Table I ). Thus, we see that IPESA is overall closer to experiment than IPESB, being almost as good for the He-C 2 H 2 RWPS data (considering the experimental uncertainty) and better for the more precise and extensive He-C 2 D 2 infrared data. As discussed below, the Coriolis model results indicate that, experimentally, the He-C 2 D 2 complex lies closer to the isotropic (free-rotor) limit than predicted by IPESA. However, a comparison of ground state probability densities, shown here in Fig. 5 , reveals that IPESB lies significantly further from the free-rotor limit than does IPESA. In the free-rotor limit, the probability density would be structureless in the angle; that is, probability density would be uniform as a function of angle θ, although not as a function of R. As the anisotropy of the IPES increases, the probability density map (corresponding to the computed wave function using that IPES) would show marked differences (peaks and valleys) as a function of θ. Figure 5 is a difference map which, by comparing computed probability densities using IPESA and IPESB, displays the anisotropy of IPESA compared to that of IPESB. The enhanced density observed for IPESB at θ = 0 and π indicates clearly that IPESB is more anisotropic than IPESA. In other words, IPESB lies noticeably further from the free-rotor (isotropic) limit than does IPESA. This is the opposite of experimental observations and is why we conclude that IPESB is inferior to IPESA in this respect.
We note that the present infrared results are about 10 times more accurate than the RWPS results 20, 21 (of course, the RWPS technique may be capable of higher accuracy in the future). Furthermore, the assigned RWPS transitions all occur within a given j-stack, which means they depend strongly on the intermolecular distance, but are relatively insensitive to anisotropy in the potential surface. In contrast, infrared transitions between j-stacks are assigned which depend critically on the anisotropy.
The experimental evidence is that He-C 2 H 2 lies close to the free-rotor limit. This is consistent with IPESA, which is less anisotropic than IPESB as indicated by Fig. 5 . We conclude that RWPS is not yet accurate enough to discriminate between different high quality theoretical structures for this complex and that IPESA currently provides a superior overall fit to the experimental data and better reflects the actual anisotropy of the complex.
VII. DISCUSSION AND CONCLUSIONS

A. Comparison of Coriolis model parameters
The differences between the v = 0 and 1 experimental parameters in Table II are mostly not large, but they are still sufficient to give the j = 1 ← 0 and 0 ← 1 subbands rather different appearances (Figs. 2 and 3) . In our previous work, 5 which was limited to j = 1 ← 0, we only had theoretical j = 1 Coriolis parameters for v = 0 and experimental ones for v = 1. Now that parameters for v = 0, j = 1 can be directly compared (Table II) , we find that experiment is closer to theory in one important respect, namely, the π − σ splitting, E v (1π) − E v (1σ) (previously called 2α). This quantity has experimental values of 0.502 and 0.429 cm −1 for v = 0 and 1, respectively, as compared to a theoretical value of 0.674 cm −1 .
So theory (based on IPESA) is significantly closer to the new v = 0 value, though still too large in magnitude (further from the free rotor limit). On the other hand, the theoretical B-values and β-value (Coriolis interaction) are slightly closer to their experimental v = 1 counterparts.
Interpretation of the j = 2 parameters is more difficult, and in any case we necessarily compare theory for v = 0 with experiment for v = 1. But there is at least reasonable accord. The σ, π, and δ states have the same energy ordering and roughly similar energy spacing, with the experimental levels tending to be slightly lower in energy. The B-values are fairly similar to each other and to those for j = 1, but their ordering is opposite in experiment and theory. Both experiment and theory have a Coriolis parameter γ(2) (linking π and δ levels) which is a bit smaller than β(2) (linking σ and π levels).
B. Free rotor quantum number L
So far, we have labelled rotational levels using quantum numbers J, j, p (=e or f ), and K (=σ, π, δ, that is, 0, 1, 2) which are interpreted as the projection of J on the intermolecular axis. There is an alternate free-rotor labelling scheme, namely, J, j, L, where L represents the end-over-end rotation of He relative to C 2 D 2 , and J is the vector sum of j and L. For completeness, we include the appropriate L labels in the Tables. Note (Table I) that levels with equal j and L values indeed tend to have similar energies even though they differ in J. The quantity (J + j + L) is even for levels with e parity, and odd for f parity.
Since the He-C 2 D 2 infrared dipole transition moment is attached to C 2 D 2 , the selection rule for fully allowed transitions is ∆L = 0. In addition, of course, we have ∆ j = ±1, and ∆J = 0, ±1. In Tables III and IV, we see that the ∆L = 0 rule is indeed followed except for a few ∆L = 2 transitions which are weak and located far from their band center. These "forbidden" transitions remind us that L (like j and K) is not a rigorously good quantum number.
C. Comparison with He-CO
It is interesting to compare energy levels of He-C 2 D 2 with those of He-CO, [33] [34] [35] (Table I) and He -CO. 35 Levels with j = 2 are not shown for He-C 2 D 2 (cf. Fig. 1 ) and are not bound for He-CO. monoxide are isoelectronic, which suggests similar intermolecular potential energy surfaces. Moreover, the reduced mass is the same for the pairs He-12 C 2 D 2 and He-12 C 16 O, so the dimer B-values should also be alike (in fact, B ≈ 0.29 cm −1 for He-CO and 0.24 cm −1 for He-C 2 D 2 ). Similarities are indeed evident in Fig. 6 , but, of course, there are important differences as well. The CO monomer B-value is more than twice that of C 2 D 2 (1.92 vs. 0.85 cm −1 ), so the j = 1 levels of He-CO lie much higher and the j = 2 levels are not even bound. He-CO is basically T-shaped, while He-C 2 D 2 is linear, so 1σ lies above 1π for He-CO (see Fig. 6 ). CO lacks the symmetry of C 2 D 2 (D ∞h ), which means that weak infrared transitions with ∆ j = 0 can be observed for He-CO, and that even-and oddj levels within a given vibrational state can interact.
D. Microwave prediction and conclusions
No pure rotational microwave spectra have yet been reported for helium-acetylene. Such transitions arise from an induced dipole moment and will thus be very weak, but their detection should still be feasible as shown by the case of neon-acetylene. 7 Such microwave spectra would be much more precise and accurate than the infrared and RWPS spectra discussed here. Our "experimental" energy levels in Table II predict three possible low temperature He-C 2 D 2 transitions in the 14 GHz region: 0σR(0) ≈ 14.52; 1σR(1) ≈ 14.56; and 1π Q(1) ≈ 13.46 GHz.
In conclusion, we have extended the analysis of the infrared spectrum of He-C 2 D 2 to include transitions corresponding to P(1) and R(1) of the monomer, in addition to the previously studied R(0) region. The analysis was guided by energy level calculations based on the ab initio CCSD(T) intermolecular potential of Fernández et al., 22 and there is reasonably good agreement between theoretical and experimental levels. Further guidance came from the Coriolis model, 26, 27 applied here to j = 2 levels, which gave fairly good energies as well as extremely useful intensity predictions. The present results provide a stringent test for current and future quantum chemical calculations on this rather fundamental helium-acetylene system. Indeed we have argued that these spectra allow one to discriminate between the two best and most recent extant potential energy surfaces, IPESA and IPESB.
